and a longer preoperative cold ischemia time were associated with PRCs. The logistic regression analysis showed that PRCs were less likely to occur when preoperative walking distances were longer: the odds ratio (95% CI) was reduced to 0.589 (0.357-0.971) for each 50 m walked ( p = 0.03). Likewise, PRCs were more likely to occur in patients with longer preoperative cold ischemia times: the odds ratio (95% CI) increased to 1.008 (1.002-1.015) for each minute ( p = 0.01).
Routine preoperative evaluation of LT candidates is directed at specific organ systems and generally includes pulmonary function tests. However, as ESLD patients usually suffer from fatigue, muscle wasting, malnutrition, and weakness, it is difficult to obtain an objective assessment of overall fitness. In a study on 47 LT candidates, Mancuzo et al. [6] found an independent association between aerobic capacity (peak VO 2 ) and time of hospitalization, matching the findings of Bernal et al. [7] .
The 6-minute walk test (6MWT) and the 6-minute step test (6MST) are simple low-cost tests to measure exercise capacity, but their usefulness in the assessment of ESLD patients has not been sufficiently evaluated. It has been previously reported that patients with cirrhosis have significantly poorer 6MWT results than individuals with stable chronic viral hepatitis and healthy volunteers [8] .
In a study of patients on the waiting list for LT, a 6MWT result of <250 m was a risk factor for mortality before LT [9] . The 6MST has been used to assess exercise capacity in patients with chronic obstructive lung disease and interstitial lung disease, but, to the best of our knowledge, has not been previously evaluated in ESLD subjects [10, 11] .
Previously, Paisani et al. [12] reported that the 6MWT is not a useful tool to identify subjects at an increased risk of developing PRC following upper abdominal surgery. However, there is considerable evidence suggesting that patients with poor exercise test results are at an increased risk for PRCs after major surgery [13] [14] [15] , probably due to the ability of exercise testing to determine the subject's physiological ability to cope with the demands placed on the cardiorespiratory system following the surgical procedure [16] . A major feature of 6 MWT is the identification of oxyhemoglobin desaturation associated with pulmonary disease, which may not be apparent when the subject is assessed in the resting state. Oxygen saturation deficit may be part of the pathophysiologic basis of PRCs [1] .
In order to test the original hypothesis that the 6MST and 6MWT, 2 simple measures of functional exercise capacity, could be independent predictive factors for PRCs after LT, we carried out a prospective study in a cohort of ESLD patients.
Patients and Methods
This was a prospective study of a cohort of adults submitted to orthotopic LT at a University Hospital in Brazil between March 2013 and March 2015. At first, 110 patients were included, but 10 patients declined to perform the tests or had neurological (hepatic encephalopathy), vascular, or musculoskeletal conditions limiting their ability to walk and were therefore excluded. All subjects listed for LT, with priority for graft allocation, who attended the outpatient LT clinic, were submitted to a preoperative evaluation, including clinical history, physical examination, spirometry, measurement of respiratory muscle strength, 6MWT, and 6MST. As the tests were performed concomitantly, on average 7 days before surgery, they were indeed very up-to-date. Cases with ascites leading to significant functional capacity impairment were routinely drained, and tests were carried out afterwards. After LT, the patients were transferred to an intensive care unit (ICU). Ventilatory strategy included a tidal volume of 6 mL/kg of the ideal body weight. As mechanical ventilation with high positive end-expiratory pressure has been reported to impair liver outflow [17] , we started with 5 cm H 2 O and adjusted from 5 to 10 cm H 2 O according to patient conditions. All patients were followed and received standard respiratory therapy sessions daily until hospital discharge. The length of stay was counted until discharge from hospital or death in the postoperative period. The study protocol was approved by the institutional research ethics committee (filed under entry #052.07.12), and all participants gave their informed written consent.
Primary Outcome
The primary outcome was the development of 1 or more of the following major PRCs [18] [19] [20] .
Pneumonia. Presence of new pulmonary infiltration on a chest X-ray associated with at least 2 of the following signs: purulent tracheobronchial secretion, elevation of body temperature (>38.0 ° C), and increase of leukocytes in circulation (>11,000/μL).
Atelectasis. Evidence of pulmonary atelectasis on a chest X-ray with lung opacification and a shift of the mediastinum, hilum, or hemidiaphragm towards the affected area with compensatory overinflation in the adjacent nonatelectatic lung and requiring chest physiotherapy and/or bronchoscopy.
Acute Respiratory Failure. Patients presenting Pa O 2 /Fi O 2 <300 mm Hg requiring invasive or noninvasive mechanical ventilator support for more than 48 h, or reintubation.
Data Collection
Preoperative information was collected covering demographic data, history of health conditions (systemic arterial hypertension, diabetes mellitus, heart disease, liver disease, or pulmonary disease), the Child-Pugh score, and the MELD (model for end-stage liver disease) score. The intraoperative measurements included the volume (units) of blood components transfused, warm ischemia time, cold ischemia time (CIT), and the duration of surgery. Following LT, all patients were monitored until discharge, and PRCs were recorded.
Respiratory Function and Respiratory Muscle Strength
Spirometry was conducted using an electronic spirometer Vmax (Palm Springs, CA, USA) in accordance with the guidelines of the American Thoracic Society/European Respiratory Society (ATS/ERS) [21] . The following parameters were analyzed: forced expiratory volume in the first second (FEV1), forced vital capacity, maximal inspiratory pressure, and maximal expiratory pressure at the mouth [22] .
Exercise Capacity
Exercise capacity was evaluated with 2 standardized tests, 6MWT and 6MST, performed under the direct supervision of 1 of the investigators. 6MWT measures how far a patient can walk on a flat surface within 6 min [23] . The test was completed in an enclosed corridor on a flat course 30 m in length. The subjects were asked to walk as fast as possible from one end of the corridor to the other, as many times as possible within the established time. The distance the patients walked during the 6-min period was registered.
6MST is a self-paced test using a step 20 cm high with a nonslip rubber surface. The subjects were instructed to climb the step as many times as possible during 6 minutes. The more steps completed, the higher the exercise capacity [24] .
Statistical Analysis
The descriptive analysis, with determination of frequencies and the Shapiro-Wilk W test with distribution plots were used to verify the normality of the distribution. Data that did not meet the assumption of normality were expressed as median values and percentiles, and the groups were compared with the Mann-Whitney U test. Normally distributed data were analyzed with the Student t test. For categorical variables, the Pearson χ 2 test or Fisher exact test was used, as appropriate. The significance of the risk factors for PRCs was determined by univariate analysis. The variables with a p value <0.05 at the univariate analysis were used as independent variables in a logistic regression analysis in which the dependent variable was PRCs. A backward stepwise elimination algorithm was used ( p = 0.05) for the predictors remaining in the final model. All analyses were performed with the software SPSS v. 17.0 (SPSS Inc., Chicago, IL, USA).
Results
Of the 100 patients enrolled in the study, 98% received grafts from deceased donors, and 2% received domino grafts. All patients were submitted to piggyback anastomosis. The cohort was predominantly male (65%). The median age was 54.5 years (interquartile range [IQ]: 43.2-61). Viral hepatitis was the most common cause of chronic hepatic failure leading to LT (69%), but 25 patients presented viral hepatitis and concomitant alcoholic liver disease. The mean 6MWT and 6MST values were 348 ± 74.34 m and 70 ± 21.8 steps, respectively ( Table 1 ). The ICU stay lasted from 1 to 32 days (median 2 days), and the total hospital stay from 4 to 45 days (median 10 days). Eighty-four patients were extubated within 24 h, and bronchial toilet was always performed before extubation. In the remaining 16 patients, the median intubation time was 6 days (IQ: 2.5-10.5) and the main reason was pulmonary infection (87%). Forty-two patients needed blood transfusion, and the median volume was 5 units (IQ: 3-10). Antibiotic prophylaxis was routinely performed with aminopenicillin plus beta-lactamase inhibitor and co-trimoxazole.
Among the 100 liver transplant recipients, 44 were diagnosed as having at least 1 PRC ( Table 2 ). The most frequent complication was pneumonia, which occurred in the first week. Identification of organisms was possible among 24 patients: Gram-negative bacilli (15) , gram-pos- Preoperative risk factors for PRCs are shown in Table 3 . There were no significant differences in age, gender, MELD score, Child-Pugh score, international normalized ratio, presence of comorbidities, restrictive syndrome, spirometry, maximal inspiratory pressure, or maximal expiratory pressure between patients who developed PRCs and those who did not. However, the groups differed significantly regarding exercise capacity. Thus, the 6MWT and 6MST median values were 314 m and 60 steps for patients with PRCs versus 371 m ( p = 0.001) and 75.5 steps ( p = 0.001) for patients without PRCs. In addition, preoperative CIT was longer for patients who developed PRCs. To determine whether 6MWT and 6MST were independent predictors of PRC following LT, we performed a multivariate analysis. All significant factors in the univariate analysis were submitted to logistic regression. In the multivariate analysis, higher 6MWT values were associated with a reduced likelihood of experiencing PRCs: the odds ratio (95% CI) was reduced to 0.589 (0.357-0.971) for each 50 m walked ( p = 0.03). Likewise, CIT was associated with a greater likelihood of experiencing PRCs: the odds ratio (95% CI) increased to 1.008 (1.002-1.015) for each minute ( p = 0.04) ( Table 4 ) .
Discussion
This prospective study provides novel evidence that the 6MWT, a simple and low-cost measure of functional exercise capacity, is a predictor of PRCs in patients submitted to LT. We also found that a longer CIT is associated with the incidence of PRCs after LT.
The frequency and distribution of PRCs in our study are in accordance with previously published data [1] [2] [3] [4] [5] . The incidence of pneumonia was within previously reported ranges [1] [2] [3] [4] . As recently demonstrated by Levesque et al.
[5] , pneumonia is a major factor of morbidity and mortality after LT [5] .
Among patients awaiting LT, ascites and hepatic hydrothorax may, by compression, lead to airway closure and lung reduction [25, 26] . Following orthotopic LT, atelectasis associated with diaphragmatic dysfunction secondary to phrenic nerve injury is known to predispose patients to PRCs [27] .
Patients submitted to LT are particularly prone to postoperative ARF and lung injury [1] [2] [3] [4] . In our cohort, ARF patients had a significantly longer CIT than non-ARF patients (349 vs. 296 min, p = 0.03). A prolonged CIT enhances inflammatory response by the activation of nuclear factor-kappa B. A poorly controlled systemic inflammatory response can damage the alveolar-capillary barrier after reperfusion, leading to extravascular fluid accumulation. This type of pulmonary injury is one of the hallmarks of ARF [1, 28, 29] .
The overall postoperative mortality rate was 20%; previous studies showed a distribution from 10% to 20% [30, 31] . As expected, the mortality rate was much higher in patients with PRCs than in those without PRCs.
In our series, we demonstrated that for every 50-m increase in the 6MWT, the risk of PRCs after LT decreased. In a study by Carey et al. [9] , higher 6MWT results were associated with reduced mortality in LT candidates (the hazard ratio was reduced to 0.58 for each 100 m walked). Both studies showed that higher 6MWT values reduced adverse events after LT.
Step tests are widely employed to measure exercise capacity, and their use in the assessment of patients with chronic respiratory conditions is well established [32] . However, it has never been used in patients with ESLD. In the univariate analysis of our sample, 6MST was associated with PRCs, but this was not confirmed in the multivariate analysis, possibly because of the strong correlation (collinearity) between 6MST and 6MWT ( r = 0.70, p = 0.001). Previously, Pichon et al. [33] observed that the number of steps during the 6MST was significantly correlated with the 6MWD in patients with chronic obstructive pulmonary disease ( r = 0.72; p < 0.0001). Values are presented as n (%). PRC(s), postoperative respiratory complication(s); ARF, acute respiratory failure.
Patients with ESLD may display disorganized muscular, pulmonary, and cardiovascular components of exercise capacity due to impairment in carbohydrate homeostasis and a resting hyperdynamic cardiovascular state [34] [35] [36] . Recent studies showed that they develop impairment of exercise capacity and fitness [37, 38] . Also reduced peak V O 2 can help identify patients at risk for mor- bidity and mortality after LT [7, 39, 40] . In our study, a poor exercise testing (6MWT) results were indeed predictive of PRCs after LT. A possible explanation for the association of poor exercise capacity and PRCs is the ability of this test to determine patients' physiological capacity to cope with the demands placed on the cardiorespiratory system following major surgery [15] . Unlike most organ-specific evaluations of LT candidates, 6MWT and 6MST provide an objective measure of global physical function. Among the advantages of 6MWT and 6MST over other techniques (such as cardiopulmonary exercise testing for the assessment of LT candidates) are safety, simplicity, and low cost. Although they are submaximal tests able to reflect the functional capacity of the patients, they cannot be used interchangeably [41] . The 6 MWT is more widely used and better validated than the 6MST [42, 43] .
In our sample, there was a significant correlation between 6MWT and FEV 1 ( r = 0.33; p = 0.001). Since exercise capacity tests provide an assessment of pulmonary function, in conjunction with cardiovascular and skeletal muscle functions, this correlation is not unexpected and underscores the potential usefulness of these tests for the identification of patients at risk for PCRs. This reinforces the hypothesis that these patients could benefit from physical training (aerobic exercise and weight training) in order to improve exercise capacity before LT as well as in the planning of more individualized and effective rehabilitation programs after surgery.
Although there was a trend, both FEV 1 and previous pulmonary disease did not correlate with PRC. The possible explanation could be that patients presented, on average, normal spirometric values and a low frequency of lung disease.
This study has several limitations. Initially, there is no final consensus about the definition of PRCs. For this study, we used only well-defined PRCs with recognized clinical relevance. Although pleural effusion is a common postoperative complication [1] [2] [3] [4] [5] , it is known that many patients with pre-LT ascites and hepatic hydrothorax continue to accumulate fluid for some time after LT, which complicates its analysis as a relevant outcome. It should be emphasized that our results may be comparable only to studies that used similar definitions of PRCs. Another limitation is the lack of a direct comparison between 6MWT/6MST and cardiopulmonary exercise testing, which is regarded as the gold standard for the determination of exercise capacity and cardiorespiratory reserve. Finally, as our patients came from a single referral center, it is possible that ESLD subjects from other LT centers might have somewhat different patient profiles.
In conclusion, the present study confirms that PRCs are common after LT. Prolonged CIT is associated with a higher frequency of PRCs after LT. Lower 6MWT values can identify LT candidates with increased risk for PRCs. Patients that experienced less PRCs presented a reduced risk of mortality. Future research focusing on the validation of the 6MWT in preoperative risk stratification for PRC and mortality after LT, evaluation of other variables ( O 2 pulse, V O 2 max/peak), independently or in combination with the 6MWT, to increase predictive power, as well as new management strategies (physical training) to improve preoperative 6MWT results and to reduce the risk of PRC is needed.
